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In the title compound, [Ru(C 10 HioN 6 )(C7H 10 N 2 )3](PF 6 ) 2 - 
C 4 H 10 O, the Ru 11 cation is coordinated by one tris(l-pyrazol- 
yl)methane (Tpm) and three dimethylaminopyridine (dmap) 
ligands in a slightly distorted octahedral geometry. The 
asymmetric unit consists of one complex cation, two hexa- 
fluoridophosphate anions and one diethyl ether solvent 
molecule in general positions. Although quite a large number 
of ruthenium complexes of the facially coordinating tridentate 
Tpm ligand have been structurally characterized, this is only 
the second one containing three pyridyl co-ligands. The 
average Ru— N(Tpm) distance is 2.059 (12) A, while the 
average Ru— N(dmap) [dmap = 4-(dimethylamino)pyridine] 
distance is somewhat longer at 2.108 (13) A. The orientation 
of the dmap ligands varies greatly, with dihedral angles 
between the pyridyl and opposite pyrazolyl rings of 14.3 (2), 
23.2 (2) and 61.2 (2)°. 

Related literature 

For background to the synthesis, see: Llobet et al. (1988); 
Calvert et al. (1983). For examples of other structures of 
ruthenium complexes of the Tpm ligand, see: Llobet et al. 
(1989); Wilson & Nelson (2003); Katz et al. (2005); Iengo et al. 
(2005); Foxon et al. (2007); Kuzu et al. (2009); Waywell et al. 
(2010); Zagermann et al. (2011); De et al. (2011); Agarwala et 
al. (2011, 2013); Serrano et al. (2011); Cadranel et al. (2012). 
For examples of other structures of ruthenium complexes of 
the dmap ligand, see: Bonnet et al. (2003); Rossi et al. (2008, 
2010); Mutoh et al. (2010); Dunbar et al. (2011). For the closest 
related structure, see: Laurent et al. (1999). 



N-N, N=z/ 
1— (--N-N*-Ru""N. /. 



Experimental 

Crystal data 

[Ru(C 10 H 10 N 6 )(C 7 H 1 oN 2 ) 3 ](PF 6 ) 2 - 

C 4 H 10 O 
M, = 1045.88 
Triclinic, PI 
a = 12.1005 (9) A 
b = 12.5711 (9) A 
c = 15.7032 (11) A 
a = 80.047 (1)° 

Data collection 

Bruker SMART CCD area-detector 

diffractometer 
19049 measured reflections 

Refinement 

R[F 2 > 2a(F 2 )} = 0.057 

wR(F 2 ) = 0.114 

5 = 0.95 

9932 reflections 



Table 1 

Selected bond lengths (A). 



2+ 



•Et 2 0 



P = 75.377 (1)° 
y = 71.449 (1)° 
V = 2180.1 (3) A 3 
Z = 2 

Mo Ka radiation 
jU = 0.53 mm -1 
T = 100 K 

0.30 x 0.10 x 0.03 mm 



9932 independent reflections 
7805 reflections with / > 2cr(7) 
R<„. = 0.051 



576 parameters 

H-atom parameters constrained 
A/w = 1.03 e A~ 3 
Ap min = -0.98 e A" 3 



Nl-Rul 
N3-Rul 
N5-Rul 



2.122 (3) 
2.097 (3) 
2.104 (3) 



N8-Rul 

NIO-Rul 

N12-Rul 



2.071 (3) 
2.048 (3) 
2.059 (3) 



Data collection: SMART (Bruker, 2003); cell refinement: SAINT- 
Plus (Bruker, 2003); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The authors would like to thank the EPSRC for funding 
(grant EP/G02099). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: NC2317). 
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Tris[4-(dimethylamino)pyridine] [tris(pyrazol-1 -yl)methane] ruthenium(l I) bis- 
(hexafluoridophosphate) diethyl ether monosolvate 

Benjamin J. Coe, James Raftery and Daniela Rusanova 

1 . Comment 

Ruthenium complexes of the tris(l-pyrazolyl)methane (Tpm) ligand have been studied in a number of laboratories, and 
many examples have been structurally characterized {e.g. Llobet et ah, 1989; Wilson & Nelson, 2003; Katz et ah, 2005; 
Iengo et ah, 2005; Foxon et ah, 2007; Kuzu et ah, 2009; Zagermann et ah, 2011; De et ah, 20 1 1 ; Agarwala et ah, 2011; 
Serrano et ah, 2011; Cadranel et ah, 2012; Agarwala et ah, 2013). However, the only one featuring three pyridine (py) or 
pyridyl coligands is the complex salt [Ru n (Tpm)(py) 3 ][PF 6 ]2 (Laurent et ah, 1999), while [Ru n (Tpm)(dppz)(3-NH 2 py)] 
[PF 6 ]2-2MeCN-0.5H 2 O (dppz = dipyrido[3,2-a:2',3'-c]phenazine) (Waywell et ah, 2010) contains one chelating coligand. 

The new compound (I) was synthesized simply by substituting all three chloride ligands in Ru m Cl 3 (Tpm) (Llobet et ah, 
1988) with 4-(dimethylamino)pyridine (dmap) under reducing conditions, by adapting a method used previously to 
prepare [Ru n (Tpm)(vpy) 3 ][PF 6 ]2 (vpy = 4-vinylpyridine) (Calvert et ah, 1983). The isolated yield is reasonably high, 
while the blue colour is attributable to traces of the Ru(III) form of the complex which is rendered relatively electron-rich 
by the three dmap ligands. If a drop of ascorbic acid solution is added to an acetone solution of (I), the solution turns pale 
yellow immediately, indicating complete reduction to the Ru(II) species. The signals in the 'H NMR spectrum show no 
broadening, consistent with an adequately pure sample. 

The complex salt (I) shows an intense, broad UV absorption band at /l max = 322 nm in acetonitrile. This absorption is 
attributable to d— >n* metal-to-ligand charge-transfer (MLCT) transitions from the Ru-based HOMO to the LUMOs 
localized on the dmap ligands. An additional band at l max = 264 nm is ascribed to ligand-based 7r—>7t* transitions, while a 
very weak band at l max ca 590 nm is due to the blue-coloured Ru(III) form that disappears upon reduction with ascorbic 
acid. By way of comparison, the compound [Ru n (Tpm)(py) 3 ][PF 6 ]2 shows a MLCT band at 344 nm in acetonitrile; this is 
red-shifted when compared with that for (I) because the py ligands are more strongly electron-accepting than dmap. 

Cyclic voltammetric studies on (I) reveal a reversible Ru IIWI wave at E m = 0.75 V versus. Ag-AgCl, much lower than 
the value of 1.25 V for [Ru n (Tpm)(py) 3 ][PF 6 ] 2 recorded under the same conditions (acetonitrile, 0.1 M [N(«-Bu 4 )]PF 6 , 
100 mv s" 1 , ferrocene/ferrocenium standard at 0.44 V). This difference reflects the strong electron-donating ability of the 
dimethylamino substituents. 

The molecular structure of the complex cation in (I) is as indicated by 'NMR spectroscopy, with a facially coordinating 
Tpm ligand and a slightly distorted octahedral coordination geometry. The N(Tpm)-Ru-N(Tpm) angles cover the range 
ca 85.3-86.5°, and the other angles at the Ru centre show small deviations from the ideal values. The average Ru- 
N(Tpm) distance of 2.059 (5) A is similar to that reported for [Ru n (Tpm)(py) 3 ][PF 6 ] 2 (2.074 (16) A; Laurent et ah, 1999). 
The average Ru-N(dmap) distance of 2.108 (5) A is the same as that reported for [Ru n (tpy)(phen)(dmap)][PF 6 ] 2 (tpy = 
2,2';6',2"-terpyridine; phen = 1 , 1 0-phenanthroline) (2.107 (2) A; Bonnet et ah, 2003), but a little shorter than that found 
in [Ru II (dmap) 6 ]Cl2-6EtOH (2.131 (1) A; Rossi et ah, 2008). A significantly shorter average Ru-N(dmap) distance has 
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been reported for the trinuclear complex in /ra«5-[(dmap)4Ru II {( i M-NC)Os nl (CN) 5 }2][PPn4]4.10H 2 O (2.089 (13) A; Rossi et 
al, 2010). Considerably longer Ru-N(dmap) distances have been reported also, for example 2.333 (4) A when positioned 
trans to a tellurocarbonyl ligand in fra«5,c«-Ru n Cl2(dmap)2(CTe)(H2lMes) (tMMes = l,3-dimesitylimidazolin-2-ylidene) 
(Mutoh et al, 2010), and as long as 2.338 (3) A when located trans to a carbene ligand in /raMs,cw-Ru n Cl2(dmap)2(PCy 3 ) 
{CH(C 6 H 4 )-4-NMe 2 } (Dunbar et al, 2011). 

The orientation of the dmap rings in (I) with respect to their opposite pyrazolyl rings is highly variable, with the 
following dihedral angles: 61.2° between N1/C1/C2/C3/C4/C5 and N9/N10/C26/C27/C28; 23.2° between 
N3/C8/C9/C10/Cll/C12andNll/N12/C29/C30/C31; 14.3° between N5/C15/C1 6/C17/C18/C 19 and 
N7/N8/C23/C24/C25. A similar orientational variability of the py rings is found in [Ru n (Tpm)(py) 3 ][PF 6 ]2, with 
corresponding dihedral angles of 70.0, 20.6 and 10.2° (Laurent et al, 1999). 

2. Experimental 

Ru nl Ci 3 (Tpm)1.5H 2 0 (123 mg, 0.274 mmol), dmap (344 mg, 2.812 mmol) and 3:1 ethanol/water (degassed, 20 cm 3 ) 
were heated at reflux under N 2 for 1 8 h. As the temperature increased, the brown suspension became a blue-green colour. 
After cooling to room temperature, the solution was evaporated to a minimum volume and 0. 1 M aqueous NH4PF6 (5 
cm 3 ) was added. The light-blue precipitate was filtered off, then dissolved through the glass sinter in acetone, removing a 
white residue. The acetone solution was evaporated to a minimum volume and diethyl ether was added, forming a blue 
oil. The diethyl ether was decanted off and the oil was dissolved in dichloromethane and washed (5 times) with water. 
The green dichloromethane layer was dried over MgS0 4 and filtered through celite. The filtrate was evaporated to a 
minimum volume and diethyl ether was added. The pale blue precipitate was filtered off, washed with diethyl ether and 
dried. Yield: 199 mg (73%). Analysis calculated for CmH^FizN^Ru-O.SCHjCL.: C 37.7, H 4.1, N 16.9%; found: C 37.5, 
H 3.7, N 16.6%. Spectroscopic analysis, »H NMR (300 MHz, CD 3 COCD 3 , S, p.p.m.) 9.79 (IH, s, CH), 8.70 (3H, d, J = 

2.9 Hz, C 3 H 3 N 2 ), 7.86 (6H, d, J = 7.1 Hz, C5H4N), 7.75 (3H, d, J = 1.7 Hz, C 3 H 3 N 2 ), 6.74-6.63 (9H, C 3 H 3 N 2 + C5H4N), 

3.10 (18//, s, Me). ES-MS m/z = 827 ({M- PF 6 "} + ), 681 ({M- 2PF 6 "} + ), 341 ({M- 2PF 6 "} 2+ ). Single crystals (pale yellow 
but coated in blue oil) suitable for X-ray diffraction studies were grown by slow diffusion of diethyl ether vapour into an 
acetone solution at room temperature. 

3. Refinement 

The structure was solved by direct methods. The H atoms were placed in calculated positions (methyl H atoms were 
allowed to rotate but not to tip) and were refined isotropically with (7 iso (H) = 1.2 U eq (C) (1.5 for methyl H atoms) using a 
riding model with C— H lengths of 0.95(CH), 0.99(CH 2 ) & 0.98(CH 3 ) A. 

Computing details 

Data collection: SMART (Bruker, 2003); cell refinement: SAINT-Plus (Bruker, 2003); data reduction: SAINT-Plus 
(Broker, 2003); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL (Sheldrick, 2008). 
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Figure 1 

Crystal structure of the title compound with labeling and displacement ellipsoids drawn at the 50% probability level. 
Hydrogen atoms are omitted for clarity. 

Tris[4-(dimethylamino)pyridine][tris(pyrazol-1-yl)methane]ruthenium(ll) bis(hexafluoridophosphate) diethyl 
ether monosolvate 

Crystal data 

[Ru(C 10 H 1 oN 6 )(C 7 H 1 oN 2 )3](PF 6 ) 2 -C 4 H 1 oO 
M r = 1045.88 
Triclinic, PI 
a = 12.1005 (9) A 
6=12.5711 (9) A 
c= 15.7032 (11) A 
a = 80.047 (1)° 
,3 = 75.377 (1)° 
y= 71.449(1)° 
V= 2180.1 (3) A 3 

Data collection 

Broker SMART CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
phi and m scans 



Z=2 

P(000) = 1068 

£> x = 1.593 MgirT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 3615 reflections 

(9 = 2.5-26.4° 

ju = 0.53 mirT 1 

T= 100 K 

Plate, white 

0.30 x 0.10 x 0.03 mm 



19049 measured reflections 
9932 independent reflections 
7805 reflections with/> 2a(I) 
flint = 0.051 

ftnax = 28.3°, 9rmn ~ 1-7° 
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A = -15-»15 
A:= -16^-16 

Refinement 

Refinement on T 72 

Least-squares matrix: full 

R[F* > laiF 1 )] = 0.057 

wR(F 2 ) = 0.114 

5=0.95 

9932 reflections 

576 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



/= -20^20 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 0 2 ) + (0.0406P) 2 ] 

where P = (F 2 + 2F 2 )I?> 
(A/o-) max = 0.001 
A/w = 1.03 e A" 3 
Apmm = -0.98 e A" 3 



Special details 

Geometry. All e.s.d.'s are estimated using the full covariance matrix. The cell e.s.d.'s are taken into account individually 
in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations between e.s.d.'s in cell parameters are 
only used when they are defined by crystal symmetry 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Jl *ITJ 


CI 


0.7382 (4) 


0.1177 (3) 


0.5113 (2) 


0.0248 (9) 


HI 


0.7583 


0.1806 


0.5220 


0.030* 


C2 


0.7017 (4) 


0.0496 (3) 


0.5832 (3) 


0.0275 (9) 


H2 


0.6981 


0.0659 


0.6409 


0.033* 


C3 


0.6696 (3) 


-0.0442 (3) 


0.5727 (3) 


0.0234 (9) 


C4 


0.6752 (4) 


-0.0577 (3) 


0.4850 (3) 


0.0246 (9) 


H4 


0.6522 


-0.1180 


0.4726 


0.030* 


C5 


0.7135(3) 


0.0148 (3) 


0.4170 (2) 


0.0229 (9) 


H5 


0.7160 


0.0018 


0.3586 


0.027* 


C6 


0.6289 (4) 


-0.0952 (4) 


0.7321 (3) 


0.0379 (11) 


H6A 


0.7068 


-0.0917 


0.7370 


0.057* 


H6B 


0.6075 


-0.1569 


0.7734 


0.057* 


H6C 


0.5685 


-0.0237 


0.7462 


0.057* 


C7 


0.5928 (4) 


-0.2053 (4) 


0.6294 (3) 


0.0377 (11) 


H7A 


0.5194 


-0.1734 


0.6067 


0.057* 


H7B 


0.5767 


-0.2509 


0.6858 


0.057* 


H7C 


0.6538 


-0.2529 


0.5867 


0.057* 


C8 


1.0074 (3) 


-0.0062 (3) 


0.3353 (3) 


0.0218 (8) 


H8 


0.9646 


-0.0109 


0.3949 


0.026* 


C9 


1.1044 (3) 


-0.0934 (3) 


0.3096 (3) 


0.0222 (8) 


H9 


1.1266 


-0.1567 


0.3511 


0.027* 


C10 


1.1722 (3) 


-0.0919 (3) 


0.2237 (3) 


0.0225 (8) 


Cll 


1.1297 (3) 


0.0029 (3) 


0.1662 (3) 


0.0248 (9) 


Hll 


1.1695 


0.0084 


0.1059 


0.030* 
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/"MO 

C12 


1 ao 1 1 /o\ 

1.0311 (3) 


A AO "7 1 /"} \ 

0.0871 (3) 


A 1 AT) ZO\ 

0.1973 (2) 


0.0206 


TT1 1 

H12 


1.0052 


A 1 f A1 

0.1502 


A 1 C /I "7 

0.1567 


A AO C A 

0.025* 


Cl3 


1.313s (4) 


A O "7 A /I /O \ 

-0.2704 (3) 


A OZ"AA /7\ 

0.2609 (3) 


A AO A7 

0.0307 


T T 1 O A 

H13A 


1.3159 


A O A 1 A 

-0.2419 


A ") 1 /I /" 

0.3146 


A A A /" ± 

0.046* 


T T 1 O T~l 

HUB 


1 o a /i 1 

1.3941 


A 1 1 C /I 

—0.3154 


A T) d A 

0.2349 


A A -1 £ A 

0.046* 


tti ^ri 

H13C 


1.2594 


A O 1 1C 

-0.3175 


A 17CA 

0.2759 


A A A £ sk 

0.046* 


C14 


1.3387 (4) 


A 1 T/"0 / ,1 \ 

-0.1768 (4) 


A 1 AT /I /O \ 

0.1074 (3) 


A A /I /"A 

0.0469 


TTI ^ * 

H14A 


1.2844 


A \ £ AC\ 

-0.1649 


A A/. 7C 

0.0675 


A ATA* 

0.070* 


T T 1 A Ti 

H14B 


1 o a a/h 

1.3996 


A O /I C\£ 

-0.2496 


A AAAO 

0.0998 


A A7A:k 

0.070* 


H14C 


1.3773 


A 1 1 £1 

-0.1163 


A AA1 £L 

0.0936 


A ATA* 

0.070* 


pi c 
C15 


0.8290 (3) 


A 0 O A A /") \ 

0.3890 (3) 


A .-1 1 O O /1\ 

0.4188 (3) 


0.0211 


TTI f 

H15 


0.7741 


0.4359 


0.3844 


A AO C sk 

0.025* 




a ocoi /o\ 

0.8523 (3) 


a /i o /^ /o\ 
0.4366 (3) 


a a o 1 a /^^ 
0.4819 (2) 


A A 1 ") 1 1 

O.Ozzl 


H16 


A O 1 O C 

0.8135 


A C 1 O O 

0.5138 


A <1 A AO 

0.4902 


A A77* 

0.027* 


C17 


0.9334 (3) 


a Til / /O \ 

0.3716 (3) 


A f 7 /I /" /O \ 

0.5346 (3) 


A AO /I A 

0.0249 


C18 


a nfif /" /o \ 

0.9956 (3) 


A O /" O A /O \ 

0.2630 (3) 


A C AA /" /O \ 

0.5096 (3) 


0.0250 


TTI O 

H18 


1.0590 


0.2176 


ACT 7A 

0.5370 


A AO Ask 

0.030* 


C19 


A A/" C/' /I \ 

0.9656 (3) 


A OO 1 O ZO\ 

0.2218 (3) 


A A A C O ZO\ 

0.4458 (2) 


A AO 1 Z" 
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0.9763 (2) 
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-0.019 (2) 
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0.031 (2) 0.020(2) 
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-0.0029 (17) 
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0.027 (2) 0.026 (2) 
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-0.0050(16) 
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C6 
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0.008 (2) 
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A A/1 CO / 

0.0452 ( 


OA 

9) 


A AO A /OA 

0.0o4 (2 




A AA /IT / 1 AA 

—0.0043 (16) 


A A/1 1 1 / 1 AA 

—0.0411 (19) 


A A 1 O O / 1 TA 

—0.012o (1 /) 


ITT 


A HIAfl /1 TA 

0.0309 (1 /) 


A 1 A/L /TA 

0. 146 (3 




A AC C /OA 

0.055 (2 




A ATT /OA 

—0.033 (2) 


A A1 CO /1 CA 

—0.0150 (15) 


A A/1 A /OA 

0.044 (2) 


r4 


A AOO /TA 

0.092 (3 ) 


A AAA /OA 

0.060 (2 




A A£T /OA 

0.063 (2 




AAIO/1 /10A 

0.0124 (19) 


A O 1 A /OA 

—0.010 (2) 


O AOOO /1 OA 

— 0.02oZ (lo) 


T7C 


A AT TO / 1 AA 
0.03 /2 (16) 


A AC OO / 

0.0502 ( 


OA 

8) 


A AT C O / 

0.0350 ( 


5) 


A AAOO / 1 /I A 

—O.OOoo (14) 


A A1TT /1TA 

—0.0133 (13) 


A AAT O / 1 A A 

0.003o (14) 


I7A 


A A/1 T O / 1 TA 

0.0439 (1 /) 


A AO"7 /OA 

O.Oo / (2 




A ATO/T / 

0.0326 ( 


£A 

6 ) 


A AO A /I / 1 AA 

—0.0264 (16) 


A A1AT /1TA 

— 0.016 / (13) 


A A 1 AT / 1 C A 

0.010 / (15) 


T7T 
t 1 


a niin /1 ca 
0.0339 (15) 


a A*:o/i /I 
0.0624 (J 


OA 

9) 


A A/1T1 /I 
0.04/1 ( 


"7A 

7) 


A A1 OT /1 A\ 

— O.Olo / (14) 


A AOT A /1 TA 

—0.0236 (13) 


A AAAT /1 A\ 

0.0003 (14) 


CO 

to 


A ACOA /1 OA 

0.0586 (19) 


A ATOA /I 

U.U390 ( 


/;a 


A A/1 1 /I / 

U.U414 ( 


^7A 

7) 


A A1 AO /1 A\ 

— U.UlUo (14) 


A AAOC /1 /I A 

0.0025 (14) 


A O1/10 /1TA 

— U.U140 (13) 


ITO 


A A/1 AC / 1 AA 

0.0403 (16) 


A f\C 1/ /"1 

0.0616 ( 


OA 

9) 


A A/1 OO / 

0.04o2 ( 


TA 

7) 


AATO/1 /1/1A 

—0.0324 (14) 


A A1 in /1TA 

—0.0149 (13) 


A AAOO /1 /IA 

0.0022 (14) 


it 1 a 
f 10 


A ACTA /I 0\ 
0.0530 (IS) 


A A A 1 A / 1 

0.0419 (J 


6) 


A AT /:c / 

0.0365 ( 


/^A 

6 ) 


A AlOA /1 /IA 

—0.0129 (14) 


A AAT T / 1 T A 

0.0033 (13) 


AA11T /1TA 

—0.0113 (13) 


t;i i 

r 1 1 


A A/1 11 /I f \ 

0.0413 (ID) 


A A/1 AO /I 

0.0402 ( 


5) 


A AT AO / 

U.0302 ( 


A A 


A A 1 OT /1 OA 

— O.Olo / (12) 


A A 1 TO / 1 OA 

—0.01 /9 (12) 


A A 1 AC / 1 OA 

0.0105 (12) 


r Iz 


A AT 1 /oa 
0.0/1 (2) 


A ATOA /1 

0.0390 ( 


/;a 


A ATTO /1 

U.03 /o ( 


£A 


A A1 T1 /1 CA 

— U.U1 / I (15) 


A AOT A /1 CA 

— U.UZ36 (15 ) 


A A1 AT /1 TA 
0.016 / (13) 


XT1 

JN1 


A A 1 O 1 / 1 AA 

O.Olol (16) 


A A 1 TA / 1 
0.01 /9 (J 


z:a 

6) 


A AOAO / 

0.0202 ( 


7) 


A AAT 1 / 1 T A 

— U.UU31 (13) 


A AAT O / 1 T A 

—0.0032 (13) 


A AAO/I /1TA 

—0.0024 (13) 


JNz 


A AT O /OA 

O.OJo (2) 


A All A / 1 

0.02 /4 (J 


OA 

9) 


A AO TO/ 

0.0232 ( 


OA 

9) 


A A 1 A A / 1 AA 

—0.0166 (16) 


A AAT A / 1 AA 

—0.00/4 (16) 


A AAT A / 1 CA 
0.0036 (15) 


JN j 


A A 1 A 1 /1 TA 
0.0191 (1 /) 


A AO A A /I 

0.0204 ( 


O'A 

7) 


A A 1 /CO / 1 

0.0162 ( 


/^A 

0) 


A AA 11 /1 T A 

—0.0011 (13) 


A AAAO / 1 T A 

—0.0062 (13) 


A AAAO / 1 T A 
0.0002 (13) 


N4 


0.029 (2) 


0.0246 (] 


9) 


0.0260 (1 


9) 


0.0021 (15) 


-0.0030(15) 


-0.0007 (15) 


N5 


0.0219(17) 


0.0219(1 


7) 


0.0161 (] 


6) 


-0.0080 (14) 


-0.0054 (13) 


0.0058 (13) 


N6 


0.030 (2) 


0.037 (2) 




0.028 (2) 




-0.0152(17) 


-0.0107(16) 


-0.0010(17) 


N7 


0.0199(17) 


0.0173 (1 


6) 


0.0184 ( 


7) 


-0.0016(13) 


-0.0083 (13) 


0.0005 (13) 


N8 


0.0199(17) 


0.0186(1 


6) 


0.0148(1 


6) 


-0.0018 (13) 


-0.0024 (13) 


0.0016(13) 
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XTA 


A A 1 OA / 1 £L\ 

O.OloO (lo) 


A A 1 OA / 1 £\ 

(J. 1)180 (lo) 


A A 1 OA / 1 /T\ 

0.01&0 (lo) 


A AA AC f 1 1 \ 

—0.0046 (13) 


— 0.0066 (1 5) 


A AA1 1 HI) 

(J. 0011 (13) 


XT 1 A 

N10 


A A 1 C^i / 1 £\ 

0.0 loz (16) 


a Aim / 1 

0.0203 (17) 


0.0206 (17) 


A A A 1 A f 1 1 \ 

—0.0014 (13) 


-0.0079 (13) 


A A A 1/1 /I T\ 

0.0016 (13) 


1\T1 1 


0 0 1 ZLQ ^ 1 


U.Ul 7Z ^lOj 


W.W 1 OJ ^ 1 U) 


—0 nn?R C1 ^ 

U.UUZo l.^/ 


— f) DOSS f1 ^ 


U.UU lo ^ 1 J J 


N12 


0.0191 (17) 


0.0201 (17) 


0.0174(16) 


-0.0048 (13) 


-0.0044 (13) 


-0.0023 (13) 


01 


0.059 (2) 


0.0349 (19) 


0.040 (2) 


-0.0188 (17) 


-0.0111 (17) 


0.0052 (15) 


PI 


0.0269 (6) 


0.0413 (7) 


0.0265 (6) 


-0.0052 (5) 


-0.0055 (5) 


0.0007 (5) 


P2 


0.0261 (6) 


0.0282 (6) 


0.0216 (6) 


-0.0085 (5) 


-0.0097 (5) 


0.0010(5) 


Rul 


0.01359 (15) 


0.01514(15) 


0.01397 (15) 


-0.00199(11) 


-0.00331 (11) 


0.00089(11) 



Geometric parameters (A, °) 



CI— Nl 


1.348 (5) 


C22— N9 


1.447 (4) 


CI— C2 


1.362 (5) 


C22— H22 


1.0000 


CI— HI 


0.9500 


C23— N8 


1.338 (5) 


C2— C3 


1.400 (5) 


C23— C24 


1.389 (5) 


C2— H2 


0.9500 


C23— H23 


0.9500 


C3— N2 


1.354 (5) 


C24— C25 


1.358 (5) 


C3— C4 


1.399 (5) 


C24— H24 


0.9500 


C4— C5 


1.367 (5) 


C25— N7 


1.348(4) 


C4— H4 


0.9500 


C25— H25 


0.9500 


C5— Nl 


1.346 (5) 


C26— N10 


1.333 (4) 


C5— H5 


0.9500 


C26— C27 


1.393 (5) 


C6— N2 


1.448 (5) 


C26— H26 


0.9500 


C6— H6A 


0.9800 


C27— C28 


1.365 (5) 


C6— H6B 


0.9800 


C27— H27 


0.9500 


C6— H6C 


0.9800 


C28— N9 


1.347 (4) 


C7— N2 


1.450 (5) 


C28— H28 


0.9500 


C7— H7A 


0.9800 


C29— N12 


1.333 (4) 


C7— H7B 


0.9800 


C29— C30 


1.389 (5) 


C7— H7C 


0.9800 


C29— H29 


0.9500 


C8— C9 


1.355 (5) 


C30— C31 


1.368 (5) 


C8— N3 


1.358 (4) 


C30— H30 


0.9500 


C8— H8 


0.9500 


C31— Nil 


1.347 (4) 


C9— C10 


1.391 (5) 


C31— H31 


0.9500 


C9— H9 


0.9500 


C32— C33 


1.451 (7) 


C10— N4 


1.356 (5) 


C32— H32A 


0.9800 


C10— Cll 


1.405 (5) 


C32— H32B 


0.9800 


Cll— C12 


1.365 (5) 


C32— H32C 


0.9800 


Cll— Hll 


0.9500 


C33— 01 


1.421 (6) 


CI 2— N3 


1.343 (4) 


C33— H33A 


0.9900 


C12— H12 


0.9500 


C33— H33B 


0.9900 


CI 3— N4 


1.455 (5) 


C34— 01 


1.421 (6) 


C13— H13A 


0.9800 


C34— C35 


1.501 (7) 


C13— H13B 


0.9800 


C34— H34A 


0.9900 


C13— H13C 


0.9800 


C34— H34B 


0.9900 


C14— N4 


1.440 (5) 


C35— H35A 


0.9800 


C14— H14A 


0.9800 


C35— H35B 


0.9800 


C14— H14B 


0.9800 


C35— H35C 


0.9800 


C14— H14C 


0.9800 


Fl— PI 


1.597 (3) 


CI 5— N5 


1.358 (5) 


F2— PI 


1.584 (3) 
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C15— C16 
C15— H15 
C16— C17 
C16— H16 
CI 7— N6 
C17— C18 
C18— C19 
C18— H18 
CI 9— N5 
C19— H19 
C20— N6 
C20— H20A 
C20— H20B 
C20— H20C 
C21— N6 
C21— H21A 
C21— H21B 
C21— H21C 
C22— Nil 
C22— N7 



1.369 (5) 
0.9500 
1.408 (5) 
0.9500 
1.357 (5) 
1.403 (5) 
1.374 (5) 
0.9500 
1.350(4) 
0.9500 
1.459 (5) 
0.9800 
0.9800 
0.9800 
1.454 (5) 
0.9800 
0.9800 
0.9800 
1.443 (4) 
1.446 (5) 



F3— PI 
F4— PI 
F5— PI 
F6— PI 
F7— P2 
F8— P2 
F9— P2 
F10— P2 
Fll— P2 
F12— P2 
Nl— Rul 
N3— Rul 
N5— Rul 
N7— N8 
N8— Rul 
N9— N10 
N 10— Rul 
Nil— N12 
N12— Rul 



1.580 (3 
1.580 (3 
1.612(3 
1.587 (3 
1.608 (3 
1.584 (3 
1.590 (3 
1.589 (3 
1.598 (2 
1.598 (3 
2.122 (3 
2.097 (3 
2.104 (3 
1.370 (4 
2.071 (3 

1.364 (4 
2.048 (3 

1.365 (4 
2.059 (3 



Nl— CI— C2 
Nl— CI— HI 
C2— CI— HI 
CI— C2— C3 
CI— C2— H2 
C3— C2— H2 
N2— C3— C2 
N2— C3— C4 
C2— C3— C4 
C5— C4— C3 
C5— C4— H4 
C3— C4— H4 
Nl— C5— C4 
Nl— C5— H5 
C4— C5— H5 
N2— C6— H6A 
N2— C6— H6B 
H6A— C6— H6B 
N2— C6— H6C 
H6A— C6— H6C 
H6B— C6— H6C 
N2— C7— H7A 
N2— C7— H7B 
H7A— C7— H7B 
N2— C7— H7C 
H7A— C7— H7C 
H7B— C7— H7C 
C9— C8— N3 



125.4 (4) 
117.3 
117.3 

120.5 (4) 
119.7 
119.7 
122.1 (4) 

123.4 (4) 

114.5 (4) 
120.7 (4) 
119.6 
119.6 
125.0 (4) 
117.5 
117.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
123.9 (4) 



C29— C30— H30 
Nil— C31— C30 
Nil— C31— H31 
C30— C31— H31 
C33— C32— H32A 
C33— C32— H32B 
H32A— C32— H32B 
C33— C32— H32C 
H32A— C32— H32C 
H32B— C32— H32C 
01— C33— C32 
01— C33— H33A 
C32— C33— H33A 
01— C33— H33B 
C32— C33— H33B 
H33A— C33— H33B 
01— C34— C35 
01— C34— H34A 
C35— C34— H34A 
01— C34— H34B 
C35— C34— H34B 
H34A— C34— H34B 
C34— C35— H35A 
C34— C35— H35B 
H35A— C35— H35B 
C34— C35— H35C 
H35A— C35— H35C 
H35B— C35— H35C 



127.2 

107.1 (3) 

126.5 

126.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

111.0(4) 

109.4 

109.4 

109.4 

109.4 

108.0 

109.8 (4) 

109.7 

109.7 

109.7 

109.7 

108.2 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 
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C9 — C8 — H8 


1 1 O A 

118. U 


XT1 /~< o TTO 

N3 — C8 — H8 


118.0 


C8 — C9 — CIO 


111 1 f A \ 

121 .3 (4) 


C8 — C9 — H9 


1 1 a a 

119.4 


CIO — C9 — H9 


119.4 


N4 — CIO — C9 


1 / A \ 

122.3 (4) 


XT A 1 A z"< 1 1 

N4 — CIO — Cll 


122.5 (4) 


C9 — CIO — Cll 


115.3 (3) 


C12 — Cll — CIO 


i i a o / A \ 

119.8 (4) 


Cl2 — Cll — Hll 


120.1 


CIO — Cll — Hll 


120.1 


XT1 1 1 f " 1 1 

N3 — C12 — Cll 


1 1 C A /I \ 

125.0 (3) 


XT1 1 1 TT1 'I 

N3 — C12 — H12 


117.5 


Cll — C12 — H12 


117.5 


X T A f s 11 T T 1 1 A 

N4 — C13 — HI 3 A 


109.5 


XT A f 1 1 tti t T~) 

N4 — C13 — H13B 


109.5 


TTI T » /"I -i -) TTI t "p\ 

HI 3 A — CI 3 — H13B 


109.5 


X T A /""I 11 TT1 1 /"' 

N4 — C13 — H13C 


109.5 


T T 1 1 A /~1 1 "1 T T 1 1 /~1 

H13A — C13 — H13C 


109.5 


T T 1 1 T~i /~1 11 T T 1 1 /"I 

H13B — C13 — H13C 


109.5 


XT A /~i 1 /l T T 1 yl A 

N 4 — C 1 4 — H 1 4 A 


1 aa c 

109.5 


XT/1 /* 1 1 A TTI /in 

N4 — C 1 4 — H 1 4B 


1 AA C 

109.5 


T T 1 A A /~1 1/1 T T 1 H T~» 

H14A — Cl4 — H14B 


109.5 


XT A f " 1/1 T T 1 A f ' 

N 4 — C 1 4 — H 1 4C 


109.5 


TTI A A ni A TT1 /I 

H14A — C14 — H14C 


109.5 


T T 1 A T~"i /"I 1 J T T 1 /I /~1 

H 1 4B — C 1 4 — H 1 4C 


109.5 


N5 — CI 5 — Cl6 


1 1 A O / /I \ 

124.8 (4) 


\Tf /"■< 1 c TT1 C 

N5 — C15 — H15 


117.6 


f • \ f nif tti r 

Clo — CI 5 — HI 5 


in/ 

117.6 


/"< 1 C 1 /"I 1 1 

Cl5 — Clo — Cl7 


1 1 1\ i / /i \ 
120.3 (4) 


C15 — C16 — H16 


119.9 


/— ■ -i ^ /-i 1 /- TTI/' 

C17 — C16 — H16 


119.9 


XT/' 1 1 Z~< 1 O 

N6 — C17 — C18 


i t) c / a\ 

123.5 (4) 


XT/' /"I 1 1 Z" 1 1 /" 

N6 — C17 — Clo 


121.7 (4) 


Cl8 — Cl7 — Clo 


11/1 O / J\ 

114.8 (4) 


P1H / i \ o z~< 1 1 

C19 — C18 — C17 


1 i a c s a \ 

120.5 (4) 


f • i r\ *~\ i o T T 1 O 

C19 — C18 — H18 


119.8 


/"< 1 "7 /"l 1 O T T 1 O 

Cl7 — Cl8 — Hl8 


119.8 


N5 — C19 — C18 


1 1 A '"I f A\ 

124.7 (4) 


\Tf pin TTI 

N5 — C19 — H19 


inn 

117.7 


C18 — C19 — H19 


117.7 


XT/' /"i^l"» TTin A 

No — C20 — H20A 


109.5 


XT/' /" -\ /\ TTI l\ T~T 

No — C20 — H20B 


109.5 


H20A— C20— H20B 


109.5 


N6— C20— H20C 


109.5 


H20A— C20— H20C 


109.5 


H20B— C20— H20C 


109.5 


N6— C21— H21A 


109.5 


N6— C21— H21B 


109.5 



f~< c XT 1 /"' 1 

C5 — N 1 — LI 


1 1 "5 ^7 

113.7 


3) 


/" ^ c XT 1 Tl 1 

C5 — Nl — Rul 


124.4 


(3) 


/~1 1 XT 1 T» 1 

CI — Nl — Rul 


121.9 


[2) 


/- • -> XT1 /~> -7 

C3 — N2 — C7 


1 1 A 1 

120.2 


/I \ 

(3) 


/" • -> XT1 i~^tC 

C3 — N2 — Co 


120.8 


(3) 


-7 XT^l /" ' / 

C7 — N2 — Co 


118.8 


(3) 


f < 1 1 XT1 /~ t C) 

C12 — N3 — C8 


114.7 


(3) 


f ^ 1 XT1 Tl 1 

C12 — N3 — Rul 


122.1 


(2) 


C ' 0 XTT T) , , 1 

Co — N3 — Kill 


122.8 


(2) 


Z" 1 1 A XT A f ^ 1 /I 

C10 — N4 — C14 


122.0 


(3) 


a XT yl z^ 1 1 1 

C10 — N4 — C13 


1 1 A A 

119.9 


(3) 


\ A XT /I /"< 1 1 

C14 — N4 — C13 


1101 
118.1 


i) 


pin XTC n r 

C19 — N5 — C15 


11/1 1 
114.1 


.3) 


piA \Tf r> 1 

C19 — N5 — Rul 


126.5 


(3) 


Z" 1 1 C XTC T> 1 

C15 — N5 — Rul 


119.2 


'2) 


PH XT/T /"i 1 1 

C17 — No — Czl 


121.2 


/ /I \ 

(4) 


pin XT/T p^A 

C17 — No — C20 


1 1 A 1 

lzU.z 


(3) 


f ' 1 1 XT/' p'iA 

C21 — N6 — C20 


117.4 


/ /i \ 

4) 


/"< 1 r \n \in 

C25 — N7 — N8 


111.6 


3) 


poc \n poo 

C25 — N7 — C22 


1 in 'i 

129.3 


(3) 


XTO XTT /"''">''> 

N8 — N7 — C22 


110 0 

118.8 


3) 


PT) XTO \T7 

C23 — N8 — N7 


1 A A 1 

104.1 


/I \ 

(3) 


r~\ 1 -> XTO r> 1 

C23 — N8 — Rul 


138.5 


(3) 


XT*7 XTO T) , , 1 

N7 — N8 — Rul 


1171 

117.2 


2) 


PTO TVTA XT 1 A 

C28 — N9 — N10 


111 ^ 
111.6 


3) 


/"< 10 X JC\ f ' 1 1 

C28 — N9 — C22 


129.7 


(3) 


\ r 1 (\ xTn PTi 

N10 — N9 — C22 


118.5 


'3) 


C ' ^ /_ XT1 A MA 

C26 — N10 — N9 


1 A /I T 

104.7 


(3) 


C26 — N 1 0 — Ru 1 


1 O *7 A 

137.0 


(3) 


xir\ xti c\ tti 1 

N9 — N10 — Rul 


118.0 


[2) 


f ' 11 XT11 XT 1 ^ 

C31 — Nil — N12 


111.4 


(3) 


f~\ 1 1 XT1 1 /"> 1 1 

C31 — Nil — C22 


129.4 


(3) 


JN iz — IN 1 1 — C22 


119.2 


(3) 


/— ■ 1 (\ XT1 "1 XT1 1 

C29 — N 1 2 — N 1 1 


104.7 


(3) 


/~"TA TVT1 'l Tl . . I 

C29 — N 1 2 — Ru 1 


137.9 


(3) 


N 1 1 — N 1 2 — Ru 1 


117.2 


(2) 


C33 — Ul — C34 


111.6 


(4) 


T? A Tl 1 T7T 

14 — PI — 13 


90.4 (2) 


TT 1 Tn 

14 — PI — 12 


178.9 


(2) 


T71 TT 1 PI 

13 — PI — 12 


90.3 (2) 


14 — PI — 16 


91.35 


(18) 


T?1 Ti1 T7ZT 

13 — PI — 16 


90.14 


(15) 
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